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0 Seal for a rotating member. 

0 A sealing assembly for the annular space be- 
tween a rotary shaft (2) and the surrounding casing 
comprising a rotary sealing ring (3) fixed to the shaft 
(2) and a stationary sealing ring (6) resilsiently t>ias- 
sed against the RING (3) by a lacating ring (4) 
characterised in that the stationary ring (6) is fitted 
into the annular space so as to be substantially free 
of radial displacement and in that the stationary ring 
(6) and the locating ring (4) are held in 
sealing relationship by an 0-ring (9). 
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This inv ntion r lates to a m chanical s al 
used normally to seal the space around a shaft In 
rotating equipment. Th transmission of gas (nitro- 
gen, argon, hydrogen, natural gas, air, etc.) of, for 
example in turbines, blowers, and centrifugal com- 
pressors needs to be prevented. 

A conventional non-contact tyF>e mechanical 
s al of this type comprises a rotary sealing ring 
fixed to a rotating shaft which is surrounded by a 
seal case, holding or supporting a ring attached to 
the seal so as to be movable in the axial direction 
but free from radial displacement, a stationary, l.e. 
non-rotating sealing ring shrink-fitted to the holding 
ring and located in the sealing passage by means 
such as inserted springs which are mounted be- 
tween the seal case and the holding ring to press 
th stationary sealing ring against the rotating seal- 
ing ring. Such means seal a high-pressure fluid 
zone and a low-pressure fluid zone (atmospheric 
zone) at a fluid film forming section by maintaining 
the portion between sealed end faces opposite to 
both sealing rings in the non-contact condition with 
a fluid film located in between by generating dy- 
namic pressure with a dynamic pressure generat- 
ing groove provided on a rotating side sealed end 
face. 

In ttie conventional seal the rotary sealing ring, 
stationary sealing ring, and holding ring are con- 
structed with dissimilar materials with varying ther- 
mal expansion coefficients and Young's moduli. For 
xample, the rotary seating ring is made from extra 
hard material such as WC. SiC, etc., the stationary 
sealing ring from comparatively soft materials such 
as cartx>n. etc.. and the holding ring from metallic 
nr>aterials such as SUS304, Ti, etc. The rotary seal- 
ing ring, stationary sealing ring, and holding ring, 
th rmal and pressure strains are generated by heat 
g nerated by operation or system pressure of the 
equipment. These strains vary depending on the 
difference of component materials. In particular, the 
strain rate of the holding ring is extremely large 
du to the component materials. 

Consequentiy. as described alxjve, in the con- 
ventional seal in which the stationary sealing ring is 
fitted and integrated into the holding ring, the 
stirains interact each other at the portion in which 
th stationary sealing ring comes in contact with 
th holding ring. Therefore, the stationary sealing 
ring is strongly subjected to the strain of the hold- 
ing ring and exhibits a strain condition completely 
different from the strain of its own. Moreover, the 
stationary sealing ring is radially located in the seal 
case primarily by an elastic 0-ring located t)etween 
th seal case and the holding ring. This results in 
serious instability and th possibility of displace- 
ment of the stationary sealing ring in the radial 
dir ction by pr ssure fluctuation. 
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Thes factors impair smoothness of th station- 
ary Sid s aling end face as w II as concentricity 
and parall lism in relation to th rotating sid s al- 
ing end face in conventional seals, resulting in non- 

5 uniformity of dynamic pressure generated between 
sealed end faces, and in an extreme case, giving 
rise to contingencies such as defective generation 
of dynamic pressure or localised contact of sealed 
end faces, and raising problems that conventional 

10 seals cannot exhibit good sealing capabilities over 
a long period of time. 

The present invention provides a non-contact 
type mechanical seal which can property maintain 
smoothness of the sealing end face at the station- 

75 ary sealing ring as well as concentricity and par- 
allelism to the rotary side seating end face and 
exhibit satisfactory sealing capabilities over a long 
period of time even under high-pressure high- 
speed conditions. 

20 In one preferred emtxxiiment. the outer periph- 
eral surface of the stationary sealing ring is fitted to 
the inner peripheral surface of the cylindrical guide 
formed on the seal case or the inner peripheral 
surface of the stationary sealing ring is fitted to the 

25 outer peripheral surface of the cylindrical guide 
formed in the seal case, and between the fitted 
surface and an extremely small clearance is 
formed to penmit the axial movement of the ring 
and to allow fluid to pass, but to prevent radial 

30 displacement of the stationary sealirig ring. More 
specifically, it is desirable to keep the difference 
between the outside diameter of the stationary 
sealing ring and inside diameter of the guide sec- 
tion for the former case and the difference t)etween 

35 the inside diameter of the stationary sealing ring 
and the outside diameter of the gukJe section to 10 
- 100 am. In a preferred emtxxiiment. an annular 
dovetail groove is formed on the end face in the 
holding ring opposite to the stationary sealing ring 

40 and to this annular groove an 0-ring is fitted and 
held slightiy extruded toward \he stationary sealing 
ring. 

In the seal of the invention the stationary seal- 
ing ring and the holding ring are held strongly 

45 pressed by springs and fluid pressure. Ihe press- 
ing force is applied tiirough the elastic material. 0- 
ring. not through direct contact between the two 
rings. Consequentiy. fc)ecause in the pressed sec- 
tion of both rings, strain of each ring is at)sort)ed 

50 by the 0-ring and does not interfere with the strain 
of the counterpart ring, the strain distribution of the 
stationary sealing ring is not affected by the strain 
of the holding ring ev n if th th rmal strain rat 
and pressur strain rat of both rings may diff r. 

55 Mor over, t>ecause th stetionary sealing ring is 
held directiy to the seal case without mediation of 
th holding ring or 0-ring. th concentricity and 
parallelism to th rotary sealing ring can t>e con- 
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stantly and properly maintained. Cons qu ntly, 
smoothness of the stationary side sealed nd fac 
as w II as concentricity and parall lism betw n 
the stationary sid and th rotary sid sealed end 
faces are not impaired and satisfactory sealing 
capabilities can be exhibited even under high pres- 
sure and high speed conditions. 

The gap between the stationary sealing ring 
and the holding ring is satisfactorily sealed by the 
0-ring. Because the pressing force by springs is 
given from the holding ring to the stationary sealing 
ring via the 0-ring. the pressing force of the station- 
ary sealing ring to the rotary sealing ring is prop- 
riy maintained and has no detrimental effects on 
the sealing capabilities. In addition, the use of a 
dovetail groove for the annular groove to hold the 
0-ring eliminates any risk of the 0-ring being de- 
tached from the annular groove when equipment is 
assembled, or vibration is generated during opera- 
tion, or pressure fluctuates. 

The invention will now be described by way of 
xampie and with reference to the accompanying 
drawings wherein:- 

Rgure 1 is a cut-away view showing one em- 
bodiment of a non-contact type mechanical seal 
related to this invention: 

Rgure 2 Is a detailed drawing showing an en- 
larged view of the principal portion of Rgure 1. 
and 

Rgure 3 is a cut-away view showing a variation 
of Rgure 1; 

The non-contact type mechanical seal of this em- 
k)odlment as shown in Rgure 1 , comprises a rotary 
sealing ring 3 fixed to a rotating shaft 2 such as 
turbine shaft, etc., which passes through a seal 
cassing 1, a locating or holding ring 4 secured to 
the seal case 1. a plurality of springs 5 located 
t>etween the seal casing 1 and the holding ring 4, 
and a stationary, i.e. non-rotating sealing ring 6 
arranged opposite to the rotary sealing ring 3. 

The seal case 1, as shown in Rgure 1, has a 
cylindrical guide la and an annular retainer 1b. The 
rotating shaft 2 passes concentrically through the 
guide la and retainer lb. 

The rotary sealing ring 3 is built with extra hard 
materials such as WC, SiC, etc., and as shown in 
Rgure 2 on the end face 3a opposite to ttie station- 
ary sealing ring 6, a dynamic pressure generating 
groove 3b of appropriate form such as a spiral or 
the like is formed. By the action of this dynamic 
pressure generating groove 3b, dynamic pressure 
is generated as sealing rings 3 or 6 rotate in 
relation to each oth r to hold the gap between tiie 
sealed nd faces 3a, 6a, nd faces opposite to 
btith sealing rings 3, 6, in th non-contact condition 
with a fluid film formed in t)etween. With this fluid 
film fomiing section, the gap between th high- 
pr ssur sid sealing fluid zon H (i- - high pres- 



sur gas region which is insid th machines, such 
as turbines) and low pressure side sealing fluid 
zone L (i.e. atmosph ric region which is outside th 
machin s, such as turbin s) is s aled. 

5 The locating or holding ring 4 which is built 

with metallic materials such as SUS304, Tl, etc., 
has an L-shaped cross section with a cylindrical 
located section 4a and an annular contact section 
4b, as shown in Figure 1. This holding ring 4 is 

70 held movably in the axial direction and free from 
radial displacement with the gap between the seal 
case 1 and the holding ring 4 double sealed by 
having the "held" section 4a fitted into and held to 
the inner peripheral section of the retainer lb via 

15 the first 0-ring 7 as shown in Rgure 2. The holding 
ring 4 is prevented from rotating in relation to the 
seal case 1 by altowing a proper number of locking 
pins 8 set on the ring to latch the retainer 1b of the 
seal case 1. 

20 Each spring 5 is mounted between the retainer 

lb of the seal case 1 and the section 4b of the 
holding ring 4. as shown in Rgures 1 and 2, and 
urges the holding ring 4 toward the rotary sealing 
ring 3 in the axial direction. 

25 The stationary sealing ring 6 is built with com- 
paratively soft material such as cartx>n, etc. and as 
shown in Rgures 1 and 2, is fitted into and held to 
the guide la of the case 1 movably In the axial 
direction but substantially non-movable radially. 

30 That is. the stationary sealing ring 6 is fitted to the 
guide la wnth dimensional tolerances of a clear- 
ance fit level (JIS-BO401, ISO/R 286), and between 
the outer peripheral surface 6b of the stationary 
sealing ring 6 and the inner peripheral surface 1c 

35 of the guide la, an extremely small clearance is 
fonmed, which prevents radial displacement of the 
stationary sealing ring 6 but permits axial move* 
ment and fluid passage. TTiis clearance is properiy 
set in accord with the diameter of the stationary 

40 sealing ring 6 and sealing conditions, but in gen- 
eral, it is desirable to keep the difference between 
the outside diameter of the stationary sealing ring 6 
and tfie inskJe diameter of the guide in the range of 
about 10-100 u m. 

45 In addition, the gap k>etween the stationary 
sealing ring 6 and the holding ring 4 is sealed and 
kept in the non-contact condition by locating the 
second 0-ring 9 between opposite end faces 4c 
and 6c arranged in the axial direction of both rings 

50 4, 6. as shown in Rgures 1 and 2. An annular 
groove 10 is formed in the end face 4c of the 
pressed section 4b of the holding ring 4 and fitting 
0-ring 9 is located in and protrud s from this an- 
nular groov 10 and this combined with th bias of 

55 th spring 5, presses th stationary sealing ring 6 
against th rotary sealing ring 3 und r the sealing 
condition with a suitabl clearance 11. The annular 
groov 10 is a dov tail shape with only th inn r 
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peripheral sid 10a tap r d as shown in Figure 2. 
preventing th 0-ring 9 t)ecoming d tached from 
th annular groov 10 when th equipment Is as- 
s mbled, when vibration Is gen rated during operar 
tion, or when pressure fluctuates. The dovetail 
groove 10 may have a form with only the outer 
peripheral side tapered or both inner and outer 
peripheral sides tapered. The diameter of the an- 
nular seal between 0-ring 9 and ring 6 is greater 
than the diameter of the seal by ring 7. 

The stationary sealing ring 6 is prevented from 
rotating In relation to the holding ring 4 by position- 
ing a suitable number of locking pins 12 set into 
th section 4b of the holding ring 4 to latch the 
stationary sealing ring. It Is possible to use locking 
pins 8, 12 in common. That is, the locking pin 8 
can be extended and the extended end is allowed 
to latch the stationary sealing ring 6. 

Because in the non-contact type mechanical 
seal configured as above, the stationary sealing 
ring 6 does not come in direct contact with the 
h Ming ring 4 (they are held squeezed each other 
via the second 0-ring 9) in the "pressed" section, 
th rmal strain and pressure strain of rings 4 and 6 
are absort)ed by the second 0-ring 9, elastic ma- 
terial, artd do not interfere with each other. That is, 
th strain distribution of the stationary sealing ring 
6 is not affected by strains of the holding ring 4. 
Moreover, since the stationary sealing ring 6 is 
fitt d an6 held to the guide la of the seal case 1 
movably in the axial direction but free from radial 
displacement, concentricity and parallelism of the 
stationary side sealing end face 6a in relation to 
th rotary side sealing end face 3a are not im- 
paired by pressure change, etc. However, because 
the holding ring 4 Is unstably heki to the seal case 
1 by elastic material (0-ring 7), the holding ring 4 
may be deviated in the radial direction due to 
pressure fluctuation, etc. 

However, even in such event. t)ecause the 
holding ring 4 and the stationary sealing ring 6 
push each other only in the axial direction via the 
second 0-ring 9 and are of a relation completely 
free from relative motion in the radial direction, 
displacement of the holding ring 4 does not affect 
th stationary sealing ring 6. (k>nsequently. the 
smoothness of the stationary sealing end face 6a 
and the concentricity and parallelism of the face 6a 
In relation to the rotary side sealing end face 3a 
ar never impaired and even under the high-pres- 
sure and high-speed conditions, satisfactory sea^ 
ing capatMlities are exhibited over a long period of 
time. 

Becaus the holding ring 4 does not com in 
direct contact with the stationary sealing ring 6 the 
gap between th two rings 4, 6 is reliably sealed 
via th second 0-ring 9. Ev n if d flection f th 
rotating shaft 2 or trailing of stationary sid sealing 
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lements 4, 6 occurs, axial displacem nt of the 
stationary side s aling i ments 4. 6 accompany- 
ing this Is absorit) d and counteracted by th tirst 
0-ring 7 prev nting application of a load to the 

5 second 0-ring 9. Ck)nsequentiy, the absorbtion of 
the holding ring strain is not affected by shaft 
deflection. The non-contact type mechanical seal 
related to this invention Is not limited by the atove 
embodiments. For example, tiie radial position at 

10 which the second 0-ring 9 is located or the clear- 
ance 11 between the two rings 4, 6 can be ad- 
justed according to the shape of the component 
F>arts, the fluid pressures or other conditions. In 
particular, the radial position of the second ring 9 is 

75 determined in consideration of the ring 6's function 
to absorb the holding ring strain and its function to 
press the rotary sealing ring 3 via the holding ring 
4. A means to gen^Bte dynamic pressure between 
the sealing end end faces 3a and 6a is also op- 

20 tional. 

As shown in Figure 3, the stationary sealing 
ring 6 may be located in fhe sealing case 1 In such 
a manner to albw movement In the axial direction 
but to prevent displacement in the radial direction 

25 by forming on the seal case 1 a cylindrical guide 
section Id, which extends from retainer section b 
to the inner peripheral section of the stationary 
sealing ring 6 through the fielding ring 4 and fitting 
the inner peripheral surface 6d of the stationary 

30 sealing ring 6 to tfie outer peripheral surface 1e of 
this guide section Id. Even in this event, the sta- 
tionary sealing ring 6 is fitted to tfie guide section 
Id with the dimensional tolerances (JIS-BO401. 
ISO/R 286) of atx)ut clearance fit, while between 

35 the inner peripheral surface 6d of the stationary 
sealing ring 6 and the outer peripheral surface 1e, 
an extremely small clearance is designed to form 
to prevent radial displacement of the stationary 
sealing ring but allow axial movement and passage 

40 of the flukf. The clearances must be appropriate to 
the diameter of the stationary sealing ring 6 and 
sealing conditions; in general, it is desirable to 
keep the difference between the inside diameter of 
the stationary sealing ring 6 and the outside diam- 

45 eter of the guide section Id in the range of 10 - 
100 tim. 

Claims 

50 1. A sealing assembly for the annular space be- 
tween a rotary shaft (2) and the surrounding 
casing such assembly comprising a rotary 
sealing ring (3) fixed to the shaft (2) and a 
stationary sealing ring (6) r sili ntiy biassed 

55 against th ring (3) by a locating ring (4) 
characterised in that th stationary ring (6) Is 
fitted into th annular space so as to t)e sub- 
stantially free of radial displacem nt and in that 
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th stationary ring (6) and th locating ring (4) 
are h Id in spaced sealing r lationship by an 
Oring (9). 

2. A sealing assembly according to Claim 1 fur- 5 
ther characterised in that the radially outer 
surface (6b) of the stationary ring (6) has a 
sufficiently small clearance with the Inner sur- 
face (1e) of the seal casing such as effectively 

to prevent radial displacement but to penmit io 
axial movement and fluid passage. 

3. A seal according to Claim 1 wherein an inner 
peripheral surface (6d) of the stationary ring (2) 
co-operates with a surface (1e) of the seal is 
casing with a sufficiently small clearance to 
prevent radial displacement but allow axial 
movement and passage of fluid. 

4. A seal according to either Claim 2 or Claim 3 20 
wherein the small clearance is t)etween 10 and 

100 urn. 

5. A seal according to any of the preceding 
claims wherein the Oring (9) is seated in a 25 
dovetail shaped groove (10) and protrudes to 
con^ the sealing surface of the stationary 
ring. 
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